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we obtain the standard result, as given by equation (5.48)
of the review by Sands.
6
Beam Height
The quantum uctuations of synchrotron radiation
drive the oscillations of particles about the bunch cen-
ter, and set lower limits on the transverse and longitudi-
nal beam size. If we associate a harmonic oscillator with
each component of the motion about the bunch center,
then each oscillator will be excited to amplitudes whose





For example, consider the vertical betatron oscillations
which determine the beam height. The frequency of these









betatron number, and R = L=2 is the mean radius of
the storage ring. In the average rest frame of a bunch
the oscillation frequency appears to be !
?
= !, and the


































noting that in uniform circular motion the acceleration
is transverse. For the vertical oscillation the lab frame
amplitude z is the same as z
?














which reproduces the standard result, such as equation
(5.107) of Sands.
6
An analogous argument is given in ref. 5 to derive the
beam height in a weakly focused storage ring.
Bunch Length and Beam Width
A similar analysis can be given for oscillations in the
plane of the orbit. However, radial and longitudinal ex-
cursions are also directly coupled to energy excursions,
which proves to be the stronger eect. As the present
method nds the standard result for the beam-energy
spread, the usual results for bunch length and beamwidth
follow at once. [In ref. 6, use equations (5.64) and (5.93)




predicted that quantum uctua-
tions in synchrotron radiation limit the transverse polar-
ization of the beam to 92%. In the absense of quantum
uctuations the polarization should reach 100% after long
times. Bell and Leinaas
3
realized that the thermal char-
acter of the uctuations provides an alternate view of the
depolarizing mechanism. In ref. 5 they provide a detailed
justication that the thermodynamic arguments are fully
equivalent to the original QED calculation of Sokolov and
Ternov. In the process they nd that for circular motion
in a weakly focused ring (betatron), the eective temper-










which is about 1.5 times Unruh's result for linear accel-
eration.
Radiation Spectrum
Because of the quantum uctuations the motion of the
particles departs from the central orbit, and a classical
calculation of the synchrotron-radiation spectrum is in-
correct in principle. The deviations become signicant
only when the characteristic energy of the radiation ap-





the prominent eect is the cuto at the high-energy end
of the spectrum.
In the regime where the quantum corrections to the
radiation spectrum are small the author has given an
estimate of their size.
8
For this we imagine the accel-
erated charge is surrounded (in its rest frame) by a
bath of photons with a Planck spectrum of temperature
kT = ha
?
=2c. The correction to the classical spectrum
is considered to arise from the Thomson scattering of
these virtual photons o the charged particle. In the
lab frame the spectral correction is proportional to the
Lorentz transform of the Planck spectrum, whose peak
photon energy is then 2kT = h
3
c=, essentially the
same as that of the classical spectrum. On integrating
over energy, the total rate of the correction term is the











which is indeed very small at present storage rings.
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